Brazil is the world's largest producer of orange and passion fruit, which are destined mainly for industrialization, generating grand volumes of wastes. The solid portion of these residues is a rich source of pectin -composed mainly of galacturonic acid and neutral sugars, which through the hydrolysis process can be used in biological conversion processes, as the production of polyhydroxyalkanoates (PHAs). This way, we characterized these wastes, followed by the extraction and hydrolysis of pectin for employ as a substrate for the cell growth of Cupriavidus necator. The results confirmed the large portion of pectin (almost 40 g.100g -1 ) and soluble sugars, present in these wastes. The hydrolyzed extract showed as a good source of carbon for the cell growth of C. necator with Y X/S 0.56 and 0.44, µ Max 0.27 and 0.21 for orange and passion fruit wastes respectively, similar to other carbon sources. This way, the extraction and hydrolysis of orange and passion fruit wastes for the cellular growth of C. necator, can be a good alternative to converting of residues in high value added product.
The majority of these fruits are harvested and destined to industrialization, and by-products resulting from the processing of orange and passion fruit represent approximately 50% (DarrosBarbosa and Curtolo 2005, Garcia-Castello et al. 2011 ) and 75% (Ferrari et al. 2004 ) of fruit weight, respectively.
The solid portion of these residues is made of peels, seeds and unused flesh that are commonly wasted, discarded or used in applications of low economic interest. Pectin represents more than 40% of this material in orange and passion fruits, and others compounds are present such as soluble sugars, carbohydrates and fibers (Pinheiro 2007 , Rivas et al. 2008 , Rezzadori et al. 2012 ). For instance, there is the potential use of their by-products as substrates in biotechnological processes, such as the production of polyhydroxyalkanoates (PHAs).
PHAs are biodegradable polymers and present properties similar to petroleum derived plastics. They are biodegradable, eco-friendly manufacturing processes and could be used in biomedical applications and to produce consumable goods (Castilho et al. 2009 , Anjum et al. 2016 . The potential applications of PHA include packaging films, disposable items and controlled drug release systems, covering areas such as medicine, agriculture, tissue engineering and nanocomposites.
Polyhydroxyalkanoates are thermoplastic polyesters of carboxylic acids composed primarily of R-3-hydroxyalkanoic acids which are synthesized in the form of inclusion bodies ("granules") and used as carbon and energy reserves during unbalanced growth by many bacteria. Cupriavidus necator is the most studied species for the industrial production of PHAs and can accumulate this biopolymer to levels up to 80% of the cellular dry weight from different substrate sources (Ramsay 1994 , Lai et al. 2005 , Wang et al. 2014 .
However, the low productivity and high costs compared to the traditional mineral-based plastics remains an obstacle for the extensive industrial application of PHAs. Their production is still 5 to 10 times more expensive than chemically synthesized polymers, and the substrate may represent more than 40% of the cost of production (Poirier et al. 1995, Keshavarz and Roy 2010) .
The current interest in these biopolymers is stimulated by the search for cost-effective production of PHAs through low cost carbon sources. In previous works of our research group we have demonstrated the capability of C. necator to grow using galacturonic acid (GalA) as single source of carbon, as well as using the products of acid (Locatelli et al. 2011 ) and enzymatic (Locatelli 2012) hydrolysis of pectin. However, the ability of C. necator to grow using the hydrolyzed extract from orange or passion fruit wastes has not been studied.
In this context, the objective of the present study was to investigate the cell growth of Cupriavidus necator using hydrolyzed extracts of orange pear and yellow passion fruit as the main carbon source.
MATERIALS AND METHODS

FRUIT PROCESSING
Yellow passion fruit (Passiflora edulis f. Flavicarpa) and orange pear (Citrus sinensis (L.) Osbeck) were obtained in a local market (Vitória de Santo Antão -PE, Brazil). Aiming to obtained material similar to the industrial wastes of orange and passion fruit, the fruits were washed and the juice extracted. After, the waste fruits (peels and bagasse) were chopped into small cubes of 1 to 2 cm and dried in an air circulating oven at 70 ºC for 12 hours, followed by grinding and granulometric grading of 35 mesh.
PHYSICO-CHEMICAL COMPOSITION OF WASTES
Analyses of the dry residues of fruits were performed in triplicate from moisture, total fat, proteins (N x 6.25), mineral residues and carbohydrates followed by analytical standards of the Adolfo Lutz Institute (ALI 2008). The fiber analysis was performed by non-enzymatic method according to Guerra et al. (2004) .
EXTRACTS PROCESSING
The dried samples were submitted to extraction method according to Pinheiro (2007) , which obtained the highest yield of pectin using citric acid 2.9% (m/v) in proportion 2:100 (20.0 g L -1 ).
The mixture was kept on low heat by 60 minutes, counting from the beginning of the boil and recovering the volume lost by evaporation. After, the material was filtered in nylon filter to remove the insoluble portion (cellulose and hemicellulose To prepare the inoculum, a loopful of the stock culture was transferred to 250 mL Erlenmeyer flask containing 100 mL of nutrient broth (NB). The microrganism was cultured for 10 h at 30 ºC and 300 rpm. This time of cultivation was previously established for attainment of the exponential growth phase.
CULTURE CONDITIONS
C. necator was cultured in triplicate on Erlenmeyer flasks under the same conditions described previously and employing an inoculum size of 5% (v/v). The culture medium used in this work was described by Ramsay et al. (1990) and modified by Aragão et al. (1996) , was added to the culture medium equivalent to substrate final concentration of 5 g.L -1 (reducing compounds). The pH of the solutions was adjusted to 7.0 with KOH (5.0 M). The solutions were then autoclaved separately and mixed aseptically to prepare the culture media. Samples were withdrawn at intervals of 2 hours for analyses of pH, cell concentration and reducing compounds (RC).
ANALYTICAL METHODS
Cell growth was measured using a Marconi® spectrophotometer operated at a wavelength of 600 nm. The optical density values were correlated to the dry mass using a calibration curve. The dry mass was determined by drying the samples until constant weight at 70 o C, after filtration using a 0.22 μm membrane. The pH was monitored using a Marconi® potentiometer. Measurements of reducing compounds (RC) were performed according to the 3,5-dinitrosalicylic acid (DNS) , respectively. For the samples of passion fruit, the contents of moisture, mineral residues, protein and fat were similar to those found by Pinheiro (2007) , López-Vargas et al. (2013) and Oliveira et al. (2015) . As compared to other works, the total dietary fiber was low (50.7 ± 0.7 g.100 g -1 ) and the carbohydrates content was high (30.7 ± 0.6 g.100 g -1 ). Pinheiro Pectin is a major component of the dietary fiber content for both fruit wastes. For orange wastes, the pectin content (39.7 ± 0.5 g.100 g -1 ) is according to . Passion fruit wastes presented a low DE (26.4 ± 0.1%) and this result was similar to those found by Pinheiro (2007) (Table II) . The pH behavior shows little variation, but a small increase is expected during cell growth of 
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An Acad Bras Cienc (2019) 91(1) e20180058 7 | 9 C. necator (Locatelli et al. 2011 , Aramvash et al. 2015 ). The RC variation shows a decrease during cell growth, which indicate the metabolic activity on carbon source, but at end process we can note a residual RC of 2.83 g.L -1 to extracts of orange wastes and, 3.15 g.L -1 to extracts of passion fruit wastes, that were not metabolized by C. necator. Others authors (Baei et al. 2009 , 2011 , Locatelli et al. 2011 , Lagunes and Winterburn 2016 also observed this phenomenon. This residual RC can be explained by presence of oligomers (di or trisaccharides) that had reducing terminal, but can not be used for cell growth of C. necator because absence of hydrolytic enzymes for utilization of these oligosaccharides (Yu et al. 2008) .
CONCLUSIONS
The orange and passion fruit wastes presented high fibers and carbohydrates concentration (mainly soluble sugars), displaying great potential to be used as substrates in biological conversion processes. The hydrolysis process with the enzyme polygalacturonase (EC 3.2.1.15, Sigma®) in concentration of 10,0 UI/g of substrate, 300 rpm of agitation for 24 hours was more efficient for orange wastes than passion fruit wastes, showing more 90% of hydrolysis to orange wastes.
C. necator showed good metabolic activity on the hydrolyzed of orange and passion fruit wastes, with satisfactory growth rates when comparing to others carbon sources. However the hydrolyzed from orange wastes presented higher growth rates, which makes possible its use as inexpensive carbon source for cell growth of C. necator.
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